Introduction
============

Prevalence of morbid obesity in adults -- also termed class III or extreme obesity (body mass index (BMI) ≥40 kg/m^2^), is rising and predicted to rise further over the next twenty to thirty years. Prevalence of severe obesity is increasing at a much faster rate than is the prevalence of moderate obesity \[[@R1]\].

Along with morbid obesity, the adipose associated co-morbidities increase -- included panniculus morbidus, the end stage of obesity of the abdominal wall \[[@R2]\].

Obesity has long been considered a risk factor for the development of primary and incisional ventral hernia \[[@R3]\] and panniculus often includes an infraumbilical abdominal hernia. Due to the increase of morbid obesity, surgeons are more often confronted with the repair of these complex hernias -- and hernia repair often requires a simultaneous panniculectomy.

In these hernias particularly bowel incarceration poses a serious problem, since these patients require a prompt surgical intervention without adequate preparation. Apart from hernias, also an acute exacerbation of a chronic inflammation of the panniculus potentially requires an immediate panniculectomy. With this review, we want to provide a comprehensive overview of a possible approach for panniculectomy and hernia repair and overlook of the existing literature.

Symptoms -- operative procedure -- panniculectomy
=================================================

The majority of morbidly obese (MO) patients present with various sized panniculus, which is classified according to Igwe Jr et al. \[[@R4]\] (Figure 1 [(Fig. 1)](#F1){ref-type="fig"}):

Group I -- patients with a panniculus that covers the hairline and the mons pubis but not the genitals

Group II -- extends to cover the genitals

Group III -- extends to cover the upper thigh

Group IV -- extends to cover the mid thigh

Group V -- extends to cover the knees or beyond

Bowel incarceration in panniculus morbidus is diagnosed on the basis of symptoms of incarcerated hernia, i.e. bowel obstruction (nausea and vomiting) associated with overall discomfort and a more aggressive abdominal pain. Due to the large panniculus morbidus in most cases no bulge is palpable. Due to late presentation of the patient and therefore a potentially delayed diagnosis, patients often present in a pre-septic state.

MO patients with an acute exacerbation of a chronic inflammation of the panniculus also may present in a septic condition. Due to severe problems with hygiene and immobility a chronically infected panniculus morbidus is often not adequately treated. A severe inflammation of the panniculus and acute bowel incarceration require a prompt surgical therapy.

Preoperatively, -- if possible -- an abdominal computed tomography scan should be obtained to determine the presence and extension of any hernia (Figure 2 [(Fig. 2)](#F2){ref-type="fig"}, Figure 3 [(Fig. 3)](#F3){ref-type="fig"}) and -- if possible -- anterior upper iliac spine as well as midline should be marked at the patient in standing position.

Patient should be positioned on an appropriated operating table, suitable for patient's weight with slight flexion at the waist and panniculus should be hoisted into the air with sterile ropes that are hung from a lifting system (Figure 4 [(Fig. 4)](#F4){ref-type="fig"}).

Panniculectomy/separation of parts hernia repair are accomplished by excising a large horizontal ellipse with corners based at bilateral iliac crests starting with inferior incision, that is made approximately 5 cm above the symphysis pubis \[[@R5]\]. The dissection is carried down to the abdominal wall/hernia sack with a superiorly orientated bevel \[[@R2]\]. If an incarcerated hernia exists, it is necessary to open the hernia sack and to inspect the bowel. Necrotic bowel parts have to be resected. Hernias can be closed with primary suture, or reinforced with mesh.

The bevel of the superior incision is orientated in an inferior direction to avoid over resection of adipose tissue. The edges of the wound should fell together without tension. The abdominal wall should not be undermined, since over resection of adipose tissue will result in an uncontrollable dead space leading to devascularization, necrosis, seroma, and infection. After accurate hemostasis, skin closure is performed over suction drains.

Discussion -- considerations
============================

The resection of such massive abdominal panniculus presents several technical problems to the surgeon. One of the main issues is the need for elevation of the pannicus and its continued suspension above the operative field during the entire procedure. K-wires, towel clips, Steinmann pins, tourniquets, and different self-constructed portable floor cranes and mechanical lift have been described \[[@R6]\]. It is important to intraoperatively monitor central venous pressure, heart rate, and blood pressure, to realize any hemodynamic changes that may occur during patient\'s positioning on the operating table, since the sheer weight of the panniculus may compress the vena cava, and after lifting, the suspended panniculus leads often to a relevant reflows of blood and lymph into systemic circulation \[[@R7]\].

Preparation of long standing or fixed hernias may require demanding adhesiolysis with risk of bowel injuries during dividing of the adhesions which can be disastrous, especially if they are missed.

Prompt recognition of a bowel injury is crucial to avoid serious significant contamination and morbidity. Contamination due to bowel injury also can necessitate a second operation after completion of adhesiolysis with a delayed herniorrhaphy after 3--6 days. The omentum can be resected to create more space for intestinal loops in the narrowed abdominal cavity.

Herniorrhaphy of these complex hernias may also necessitate the application of synthetic meshes \[[@R8]\]. Mesh reconstruction could be performed by large-scale bilateral preperitoneal mesh augmentation (open technique popularized by Stoppa \[[@R9]\]). Otherwise several further or combined methods are described like an intraperitoneal onlay mesh \[[@R10]\] or components separation technique (separation of external oblique muscle from the internal oblique muscle as far laterally as possible) \[[@R11]\]. Mesh associated potential complications are deep abscesses requiring surgery and removal of the mesh \[[@R10]\]. A re-herniation rate of 5% up to 50% is described after a mean follow-up of up to three years \[[@R10]\], \[[@R11]\].

Morbid obesity is associated with increased morbidity and mortality. The wound created is huge and difficult to manage, and accompanied by considerable complications at the outset. Frequent complications are wound infection and dehiscence, hematoma formation, skin necrosis, and respiratory distress \[[@R12]\]. Especially excision of the hernia sac results in a potential space that should be drained, otherwise it may fill with serous fluid in the postoperative period. Such seromas are common, may be self-limiting or may require therapeutic aspiration of fluid \[[@R13]\]. Besides post operative wound complications, rhabdomyolysis after bariatric surgery is a common complication \[[@R14]\]. It is caused by pressure (body weight)-conditioned skeletal muscle ischemia especially after longer surgical time. As a consequence renal failure can develop. To prevent rhabdomyolysis, patient position should be changed intra- and postoperatively \[[@R15]\].

Conclusion
==========

Development of panniculus morbidus is a growing problem with increased prevalence of morbid obesity. Resection of panniculus morbidus is indicated for a second degree panniculus \[[@R2]\]. The resection at early stage can prevent complications like the development of hernias or recurrent infections and will improve the quality of life. A chronically infected panniculus is a surgical problem deserving earlier recognition and resection \[[@R16]\]. In the course of time panniculus often develop a herniation of bowel. An incarcerated hernia must be treated immediately and presents a surgical challenge.

Notes
=====
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